Effect of maize (Zeamays) substitution by sprouted off-seasonsorghum
(Sorghum bicolor L. Moench) on the growth and physiologicalresponse of
broilerchickens (Gallus gallus) in Maroua (Far North, Cameroon)

Abstract

With a view to finding an alternative to maize in the composition of poultryfeed, a
studywascarried out to assess the effect of replacingmaizewithsprouted off-seasonsorghum on
the growth performance and physiologicalresponse of broilerchickens at start-up.To
achievethis, 180 one day-oldchicks of the "Cobb 500" strainwith a live weight of 34+3.26
gwererandomlydividedinto 09 batchescorresponding to 03 treatmentswith 3 replicates of 20
subjects. The batcheswerefed one of 03 rations: 100% maize (RO), 50% maize and 50%
sprouted off-seasonsorghum (R1) and 100% sprouted off-seasonsorghum (R2).Everyweek,
feedintake, weight gain and feed conversion ratio wereevaluated. At 21 and 42 days of age,
carcasscharacteristics and somehaematological and
biochemicalparameterswereassessed.Resultsshowedthatfeedintake, feed conversion ratio and
carcassyieldwere not significantlyaffected by the substitution of 50% and 100% corn by
sprouted off-seasonsorghum. Averagedaily gain wassignificantlyaffected by the substitution of
50% maize by sprouted off-seasonsorghum.However, comparedwith the control ration (100%
maize), the ration containing 100% germinated off-seasonsorghumsignificantlyincreased the
relative weights of the pancreas and proventriculus. Serumlevels of transaminase, glucose,
total protein, albumin and globulin were not statisticallymodifiedwhen 50% and 100% corn
werereplaced by germinated off-seasonsorghum.Analysis of
haematologicalparametersshowedthat the ration containing 50% maize and 50% germinated
off-seasonsorghumsignificantlyreduced  (p<0.05)  redbloodcell ~ concentration  and
significantlyincreased (p<0.01) meancorpuscular volume (MCV) and
meancorpuscularhaemoglobin content (MCHC). It can thereforebeconcludedthat corn can be
100% substituted by sprouted off-seasonsorghum, withoutanydeterioration in broilergrowth
performance from start-up to growth-finishing.

Key words :Broilers, off-seasonsorghum, zootechnical performance, germination,
haematological and biologicalparameters.

1. INTRODUCTION

The worldwideshortage of animal proteinis a real problemthatmany countries face in the
fightagainstfooddeficit. In  Africa, around 20 % of the population
isundernourished[1].Thepoultryindustry, more specifically modern poultryfarming, has



emerged in recentyears as an attractive solution to offset the ever-increasingdemand for
animal protein[2].This sectoroccupies a prime position in Cameroon'slivestocksector due to
the short rearing cycle of the speciesthatmakeit up, itslowprice, ease of production, and
appreciablenutritionalqualities. Added to thisis the absence of anyreligious prohibition
againstit[3].The development of the poultrysector has an important role to play in the
fightagainstfoodinsecurity  in ~ Africa in  general, and in  Cameroon in
particular[4].Poultryfarming in Cameroon has evolved over the yearsfrom 313,000 tonnes in
2011 to 344,000 tonnes in 2016. Between 2016 and 2019 the proportion of poultry in
Cameroon rose from 34.38% to 38.53% in meat production, reflecting a slow increase in
poultry production [6].0ne of the major constraintslimiting the development of
poultryfarmingis the high cost of broilerfeed, whichrepresents 60 to 70 % of the total cost of
feed production [6].The high cost of maize on the market (around 250 to 300 FCFA/KQ) is the
problemthat links the quality and cost of feed, whichiscurrentlyincreasinglyexpensive (around
15500 to 17000 FCFA for a 50kg bag).The high demand for maize for human and animal
consumption in Cameroon in general, and particularly in the country'snorthern zone, and the
resulting inflation in marketprices, areincreasinglyslowing down the development of the
poultrysector[7 ;8]. In addition, the import of inputs at very high pricesisleading to broiler
production at pricesbeyond the reach of the population [9 ; 10].To reduce production costs,
one sustainable solution seems to be the use of alternative rawmaterials to the main
ingredients, such as maize, soybeanmeal, fishmeal, etc. [11 ;12].Sorghumseems to be one of
the sustainable solutions for the substitution of maize, as itiswidelyused in the Sudan-Sahelian
zone for poultryfeed in traditionallivestockfarming.Numerousstudies have been carried out on
substituting corn withlow-tannin white and redrainfedsorghum at rates of 25, 40, 50, 75 and
100% in poultry. The results of thesesorghum-based rations showedthat total substitution of
maize by low-tannin white and redrainfedsorghumdid not affect the growth performance of
broilers in the growth-finishing phase [13 ;14].In Cameroon, and especially in the Sahelian
zone, rainfedsorghum production remainsverylow due to climaticconstraints and low adoption
by farmers[15].One of the mostwidelyavailablecereals on the market in Cameroon'sSahelian
zone is off-seasonsorghum, which production in the 2014-2015 seasonwasaround 1.099
million tonnes. It increased by just over 200,000 tonnes eachyear[16], eventuallyreaching 2
million tonnes in 2020 [17].Work on the use of thisvariety in broilerfeedremainsscarce. The
aim of the presentworkistherefore to assess the effects of substitutingsprouted off-
seasonsorghum for maize on the zootechnical, haematological and biochemical performance
of broilers in the start-up phase.

2. MATERIAL AND METHODS

2.1.Study area



The experimentwascarried out from June to August 2022 in the town of Maroua, located at
10°35'N latitude, 14°19" E longitude and 384m altitude in the Far North region of Cameroon.
The climateis tropical Sahelian, withtwo main seasons: a dry season and a rainyseason. The
rainyseasonlaststhreemonths (June-September), with an averageannualrainfall of 700
millimeters. The dry seasonlastsninemonths (October-May) and includes a relatively cool
period (October-January) and a hot period (February-May) with variable temperatures.
Temperaturesaveragearound 25°C in the cool season, 30°C in the rainyseason and peak at
45°C duringperiods of extremeheat[18].

2.2. Animal material

A total sample of 180 day-oldchickswith an averageweight of 35 g, of Cobb 500 strain,
obtainedfrom the AGROCAM hatchery in Ngaoundéré wasused. On arrival, the
chicksweresubjected to routine checks, including leg and beak condition and vivacity.
Theywereeachgivenlemon-enriched glucose water, followed by an anti-stress treatment to
preventanyeffects of transport stress.The animalswerereared in the same building on wood
shavings on the floor; in 8/m?density boxes under the sameenvironmental conditions. Water
and foodwereprovided ad libitum, in accordance with the recommendations of the

ethicscommittee.
2.3. Experimental setup

The chickswererandomlyassigned, withoutsexing, to threebatches of 60 chickenseach. Each
batch wasrandomizedintothreereplicates of 20 birdseach. Batch 1 or treatment RO consisted of
birdsfedonly a ration with 0% corn substitution ; batch 2 or treatment R1 consisted of
birdsfedonly a ration with 50% corn substitution by sproutedsorghum; and finally batch 3 or
treatment R2 consisted of birdsfedonly a ration with 100% corn substitution by

sproutedsorghum.
2.4. Experimental rations

The rations wereformulatedfromvariousingredientspurchased at harvest time in the town of
Maroua. Ingredients, such as concentrate, lysine and methioninewereused on the basis of the
nutritionalcharacteristicsindicated on the labels. Otheringredientssuch as off-seasonsorghum,
corn, peanutmeal and corn bran wereanalyzed. A 100 g packet of each of theseingredientswas
sent for bromatologicalanalysis(Table 1) to the Animal Nutrition and FeedingLaboratory of

the Faculty of Agronomy and Agricultural Sciences at the University of Dschang (FASA).



Ingredients Corn- Corn and Sproutedsorghumfeed

basedfeed sorghumsproutfeed Ration R,

Ration Rg Ration Ry (%)
0

(%) (%)

Table 1 : Chemical composition of off-seasonsorghum, maize, groundnut cake and maize

bran.
Gross
Dry R Fat energ
Organicma Crudepro cellul Metabolizablee
matt . % vy
Samples or tter (% tein (% ose DM (Kcall nergy (Kcal/kg
DM) DM) (% DM)
(%) DM) ) kg
DM)
Corn bran 80'9 92.38 1.20 7.80 3'3 4220 2460
Groundnut = 956 o555 37.68 1115 3 S20LL 545045
cake 2 32 8
Corn 25'0 98.49 7.98 3.41 2'6 ‘51400'1 3787.72
Sproutedsorg 95.6 98.49 6.99 3.99 3.0 4359.9 3770.41
hum 7 6 4

DM : Dry matter ; Kcal/kg DM : Kilocalorie per kilogram of dry matter.

Threeisoenergetic and isoproteinic starter rations wereformulated. The centesimal values of

the ration ingredients are given in Table 2 and Table 3.



Corn 40 20 00
Sound 15 15 14.50
Sproutedsorghum 00 20 40.50
Groundnut cake 37.50 37.50 37.50
5% concentrate 5 5 5
Bone powder 1 1 1
Shell 1 1 1
Kitchensalt 0.20 0.20 0.20
Lysine 0.15 0.15 0.15
Methionine 0.15 0.15 0.15
Total 100 100 100
Calculatednutritional values
Crudeprotein 20.77 20.87 20.87
Metabolizableenergy (Kcal/kg 3253.74 3250.38 3254.54
DM)
Energy / Protein 156.28 155.76 155.92

Table 2: Centesimal and nutritional composition of experimentaldiets in the start-up phase.

% : percent ; Kcal/kg DM : Kilocalorie per kilogram of dry matter.

Table 3: Centesimal and nutritional composition of experimentaldiets in the growing/finishing

phase.

Ingredients

Corn-

Corn and
basedfeed sorghumsproutfeed

Sproutedsorghumfeed

Ration R,




Ration Ry Ration R; (%)
(%) (%)
Corn 42.5 21.25 00
Sound 15 14.75 14.50
Sproutedsorghum 00 21.25 43
Groundnut cake 35 35 35
5% concentrate 5 5 5
Bone powder 1 1 1
Shell 1 1 1
Kitchensalt 0.20 0.2 0.20
Lysine 0.15 0.15 0.15
Methionine 0.15 0.15 0.15
Total 100 100 100
CornCalculatednutritional values

Sound 18.85 19.05 18.95
Sproutedsorghum 3150.4565 3180.3301 3158.65
Groundnut cake 167.13 166.94 166.68

% : percent.
2.5. Data collection
2.5.1. Growthparameters

To determine live weight, the animalswereweighed on the first day, thenweekly. The quantity
of food to bedistributedwasweigheddaily, and rejectedfoodwasremovedfrom the foodtroughs
the followingday and weighedusing a precision digital balance with 1g sensitivity.

Individualfoodintake (1FA) [19].
Expressed in g/subject/d, itwasobtainedusing the formula :

IFA= quantity of feeddistributed -quantity of feedrefused/number of animals

Energy intake (IE)

The energyintake (IE) isobtained by multiplying the metabolizableenergy of the feed by the
averagedailyconsumption.

IE = EM x CMQ



Proteinintake (PI)

Proteinintake (PI) isobtained by multiplying the crudeprotein content of the ration by the
averagedailyintake.

Pl=PB x CMQ
Consumption index (CI)

This wasdetermined by dividingindividualweeklyfeedintake by total weight gain in the
sameweek[19]:

Individualweeklyfoodconsumption/weeklyweight gain
Averagedaily gain (ADG)

This wasobtained by dividing the weight gain (live weight (n+1) - live weight (n))
recordedduring a week by seven (number of days in the week) [19].

ADG= (live weight (n+1) - live weight (n)) / (periodlength)
Carcassyield (CR)

Expressed as a percentage (%), carcassyield (CR) iscalculatedfrom data on live weight at
slaughter and carcassweight[19].

RC= (Carcassweight) / (live weightbeforeslaughter)
2.5.2. Carcasscharacteristics

On the eve of the 215 and 42"'days of age, the animalsweresubjected to fasting. Threeanimals
per batch weresacrificed, as recommended by animal welfareethics. The plucked bled
weightwastaken  and  theywereeviscerated. ~ Carcassweight and  organweights,
includingemptygizzard, liver, small intestine, legs, head, heart, spleen, pancreas, abdominal
fat and intestine lengthweretakenusing 5kg precision, 0.1g sensitivityscales.

2.5.3. Hematologicalparameters

At the end of each phase, 2 to 4 ml of bloodwascollectedfrom the wingveinusing a syringe-
mountedepicraniumfrom dry tubes (without anticoagulant) and EDTA tubes [20].
Hematologicalparameterssuch as redbloodcell (RBC) count weredetermined by light
microscope counting as described by the method of Natt and Herrick [21]. Hemoglobin,
hematocrit and erythrocyte indices weredetermined in the laboratoryusing an SNFSBC30S
automaticanalyzer.

2.5.4. Biochemicalparameters

Blood collected in dry tubes (without anticoagulant) wasleft to rest, and serumcollected the
followingmorningwasused to determinebiochemicalparameters. Serumlevels of glucose, total
protide, albumin, GTP and GOT weredetermined by colorimetricmethodsfollowing the



protocolsdescribed by commercial Human assay kits. The URIT 810
spectrophotometerwasused to readopticaldensities.

2.6. Statisticalanalysis of data

Growth, haematological and biochemicalparameterswerepresented as
meanzstandarddeviation. Analysis of variance usingGraphpad Sprint 5 software wasused to
test the effect of different rations on growth performance, haematological and
biochemicalparameters. Meanswerecomparedusing the Turkey test at the 5% threshold.

3. RESULTS
3.1. Start-up phase

3.1.1.Growth performance



3.1.1.1.GrowthParameters

Table 4presents the growthparameters of broilersfeddietscontainingdifferent rates of intake of
sprouted off-seasonsorghum. It appearsthat the averagedailyconsumption, energyintake,
proteinintake and foodefficiencywere not significantlyaffected at the 5% threshold by the
differentexperimental rations.The averagedaily gain wassignificantlydecreasedwithdietswhere
corn was 50% substituted by sprouted off-seasonsorghum, compared to the control
dietcontainingonly corn (p<0.05).

Table 4: BroilerGrowthParametersBased on ExperimentalDiets

Parameters Treatments P
RO R1 R2

ADC (g) 34.64+1.96° 35.81+1.77%° 34.27+3.28%  0.3925
IE 136137+6.91° 138639+5.67" 140089+5.81° 0.7800
IP 888.10+4.56° 896.80+3.96" 895.9+3,61°  0.9997
ADG (g) 21.94+521°  19.62+4.80°  20.14+4.61*  0.0246
FE 1.79+0.61*  1.89+0.59°  1.844+0.50°  0.9401
Cost of 1kg of feed (FCFA) 253.50£0.31* 245.75+0.46™ 240.75+0.38" 0.001
Feedcost per 100g body weight 562.06+0.46* 549.78+0.52* 539.18+0.41° 0.001

(FCFA)

Values with the sameletter on the same line are not significantlydifferent at the 5% level. ADC: AverageDaily
Consumption; IE : Ingested Energy ; IP : IngestedProtein ; ADG: Average Daily Gain;FE : FeedEfficiency ;IP :
IngestedProtein ; FCFA= CFA francs.

3.1.1.2. Characteristics of the carcass

Carcasscharacteristics of broilersfeddietscontainingdifferentlevels of incorporation of
sprouted off-seasonsorghum are presented in Table 5.As a result, the carcassyield and the
relative weight of mostorgansbetweentreatmentswere not significantlyaffected at the 5%
threshold by the differentexperimental rations. In contrast, the relative weight of the pancreas
and proventriclewassignificantlyhigher (p<0.05) for the dietcontaining 100% sprouted off-
seasonsorghumcompared to the RO control diet (100% corn).

Table 5: Carcasscharacteristics of broilersfeddietscontainingdifferentlevels of incorporation of
sprouted off-seasonsorghum.

Parameters Treatments P




RO R1 R2
Carcassyield % 0.55+1.96° 0.55+5.94° 0.58+5.54° 0.4409
Gut % 0.09+0.012 0.09+0.00% 0.09+0.014 0.4985
Gizzard % 0.02+0.00? 0.02+0.00% 0.02+0.00% 0.9506
Legs % 0.03+0.00? 0.04+0.00% 0.04+0.00% 0.3827
Liver % 0.02+0.00? 0.02+0.00% 0.02+0.00% 0.3868
Length of 0.37+0.06° 0.36+0.02° 0.39+0.05% 0.5980
intestine %
Diameter of the 0.00+0.00? 0.00+0.00% 0.00+0.00% 0.3896
intestine %
Proventricule % 0.00+0.00? 0.00+0.00? 0.00+0.00° 0.0193
Heart % 0.00+0.00° 0.00£0.00° 0.00+0.00° 0.6311
Rate % 0.00+0.00° 0.00+0.00° 0.01+0.00° 0.6203
Abdominal fat % 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.0940
Pancreas % 0.00+0.00? 0.00+0.00% 0.00£0.00" 0.0435

Values with the sameletter on the same line are not significantlydifferent at the 5% level ; % : percent.

3.1.1.3.Biochemical and haematologicalparameters

The values and concentrations of the differentbiochemical and haematologicalparameters of
the bloodsamplestakenfrom the broilerchickensusedgenerallyshowed non-
significantdifferences at the 5% level.

3.1.1.3.1. BiochemicalParameters

The effect of the incorporation of sprouted off-seasonsorghum on the biochemicalparameters
of early-stage broilersissummarized in Table 6. The effect of the incorporation of sprouted off-
seasonsorghum on the biochemicalparameters of early-stage broilersissummarized in Table 6.
It wasfoundthatserumlevels of aminotransferase (AST or GOT), aspartate aminotransferase
(ALT or GPT), albumin, glucose, total protein and globulin were not significantlyinfluenced
by the experimentaldietsused.

Table 6: Biochemicalparameters of broilerchickensfeddiets at differentlevels of incorporation
of sprouted off-seasonsorghum

Treatments P
RO R1 R2

Parameters




GOT U/L 34.78+2.10° 36.11+2.93° 36.33+8.97° 0.8166

GPT U/L 49.22+1.09° 49.11+0.78° 46.44+4.27° 0.0531
Albumin 56.44+3.28 58.22+4.11° 57.67+3.77° 0.5941
Glucose 0.80+0.04° 0.83+0.10° 0.83+0.14° 0.7269
Total Protein 92.00+4.84° 91.22+3.11° 93.56+4.55° 0.5035
Globulin 37.89+5.02° 33.44+4.50° 35.89+6.03" 0.4390

Values with the sameletter on the same line are not significantlydifferent at the 5% level; GOT:
Aminotransferase; GPT : aspartate aminotransferase.

3.1.1.3.2. HematologicalParameters

The effect of the incorporation of sprouted off-seasonsorghum on haematologicalparameters
in early-stage broilersissummarized in Table 7. It can beseenthat the meancorpuscular
concentration of haemoglobin, haematocrit and haemoglobin content were not
significantlyinfluenced by the experimentaldietsused.However, the redbloodcell count of
chickensfed the R1 diet (50% sproutedsorghum) wassignificantlyreduced (p <0.05),

whiletheirmeanbloodcell volume and meancorpuscularhaemoglobin count
weresignificantlyhigher (p<0.01) compared to othertreatments. Compared to the control,
bloodplateletlevelsweresignificantlydecreased (p<0.01) in chickensfed a

dietcontainingsprouted off-seasonsorghum.

Table 7: Haematologicalparameters of broilerchickensfeddiets at differentlevels of
incorporation of sprouted off-seasonsorghum

Treatment

Parameter RO R1 R2 P

RBCs 2.55+0.37% 1.9240.212 2.63+0.95" 0.0380
H 139.60+16.12° 129.40+10.10°  143.00+52.46" 0.6551
HCT 36.70+5.19° 32.81+4,84° 34.58+5.20° 0.2862
MCV 144.30+7.49%° 173.40+19.44° 137.60+3,62%° <0.0001
MCHC 55.00+2.58%" 67.39+7.50° 54.11+1.03% <0.0001
MCHL 381.90+16.96° 393.20+12.62°  393.70+15.32° 0.7582

Values with the sameletter on the same line are not significantlydifferent at the 5% level. RBCs : Red bloodcells ;
H : Hemoglobins ; HCT :Hematocrit ;MCV : Meanbloodcell volume ; MCHC : Meancorpuscularhaemoglobin
concentration ; MCHL : Meancorpuscularhaemoglobinlevel.

3.2. Growth-Finishing Phase

3.2.1. Growth performance



3.2.1.1. GrowthParameters

Table 8 presents the growthparameters of broilersfeddietscontainingdifferent rates of intake of

sprouted off-seasonsorghum. It can

beseenthat

the averagedailyconsumption,

the

energyintake, the proteinintake and the feed index, the averagedaily gain were not
significantlyaffected at the 5% threshold by the differentexperimental rations.

Parameter Treatment P
RO R1 R2
ADC () 97.33+5.85 98.99+4.64 97.83+3.77*  0.884
ADG (g) 53.41+17.54° 54,05+16.68 54.25+15.56*  0.997
FE 1.99+0.65 1.97+0.63? 1.91+0.52*  0.981
IE 314419.60+6.91*° 321750.10+5.67* 316837.10+5.81° 0.78
IP 1834.67+4.56 1885.75+3.96*  1853.87+3.61°  0.9997
Cost of 1kg of feed  253.50+0.31° 245.75+0.46% 240.75+0.38"  0.001
(FCFA)
Feedcost per 100g body ~ 562.06+0.46° 549.78+0.52% 539.18+0.41°  0.001
weight (FCFA)

Table 8: BroilerGrowthParametersBased on ExperimentalDiets

Values with the sameletter on the same line are not significantlydifferent at the 5 % level. ADC : Average Daily
Consumption ; ADG : Average Daily Gain ; FE : FeedEfficiency ; IE : Ingested Energy ; IP : IngestedProtein ;

FCFA= CFA francs.

3.2.1.2. Characteristics of the carcass

The carcasscharacteristics of broilersfeddietscontainingdifferentlevels of incorporation of
sprouted off-seasonsorghum are presented in Table 9. As a result, carcassyield and the relative
weight of organsbetweentreatmentswere not significantlyaffected at the 5 % threshold by the

differentexperimental rations.

Table 9 : Carcasscharacteristics of broilersfeddietscontainingdifferentlevels of incorporation

of sprouted off-seasonsorghum.



Parameter Treatment P

RO R1 R2

Carcassyield (%0) 0.61+0.01° 0.62+0.01° 0.63+0,02°% 0.3010
Intestine (%) 0.07+0.00° 0.07+0.00° 0.07+0.00° 0.3630
Gizzard (%) 0.02+0.00° 0.02+0.00° 0.02+0.00° 0.8210
Liver (%) 0.02+0.00° 0.02+0,00° 0,02+0,002° 0,730
Length of the intestine (%)  0.19+0.02° 0.19+0.01° 0.19+0.01° 0.6970
Diameter of the intestine 0.00+0.00° 0.00+0.00? 0.00+0.00° 0.0620
(%)

Proventricule (%o) 0.00+0.00° 0.00+0.00° 0.00+0.00% 0.2150
Heart (%) 0.00+0.00° 0.00+0,00° 0.00+0.00% 0.2760
Spleen (%) 0.00+0.00° 0.000+0.00° 0.00+0.00% 0.0970
Pancreas(%o) 0.00+0.00° 0.00+0.00° 0.00+0.00% 0.5380
Abdominal fat (%) 0.00+0.00° 0,009+0,005? 0.00+0.00% 0.0740

Values with the sameletter on the same line are not significantlydifferent at the 5 % level ; % : percent.

3.2.2. Biochemical and haematologicalparameters

The values and concentrations of the differentbiochemical and haematologicalparameters of
the broilerbloodsamplesusedgenerallyshowed non-significantdifferences at the 5% level (p
<0.05).

3.2.2.1. Biochemicalparameters

The effect of the incorporation of sprouted off-seasonsorghum on the biochemicalparameters
of early-stage broilersissummarized in Table 10. It wasfoundthatserumlevels of
aminotransferase (AST or GOT), aspartate aminotransferase (ALT or GPT), albumin, glucose,
total protein and globulin were not significantlyinfluenced by the experimentaldietsused.

Table 10: Biochemicalparameters of broilerchickensfeddiets at differentlevels of incorporation
of sprouted off-seasonsorghum



Parameter Treatments

RO R1 R2 P
GOT (U/L) 42,336,677  4111+297°  39,78+192° 0,473
GPT (U/L) 52,44+4,36°  51,67+4,21°  50,78+1,30° 0,620
Total Protein (g/l) 113,44465,90* 91,67+#3,87°  91,56+3,90° 0,390
Albumin (g/l) 49,22+4,81*  46,78+4,65°  44,67+4,03° 0,112
Glucose 0,80+0,11° 0,79#0,18"  0,80+0,15°  0,0692
o Amylase 46,01+12,79°  53,88+1353* 59,11+10,09° 0,094
Globulin 42,75 +7,302° 41,44 +6313* 439+5830° 0,0790

Values with the sameletter on the same line are not significantlydifferent at the 5% level. GOT :
Aminotransferase; GPT: Aspartate aminotransferase; Total protein; Albumin; Glucose; a Amylase; Globulin.

3.2.2.2. Haematologicalparameters

The effect of the incorporation of sprouted off-seasonsorghum on haematologicalparameters
in early-stage broilersissummarized in Table 11. It appearsthat the meancorpuscular
concentration of haemoglobin, haematocrit and haemoglobin  content were not
significantlyinfluenced by the experimental rations used.

Table 11: Haematologicalparameters of broilersfeddiets at differentlevels of incorporation of
sprouted off-seasonsorghum

Parameter Treatments P
RO R1 R2

WBCs 107.38+29.64° 106.62+5.85% 99.60+4.74° 0.610
RBCs 4.72+4.35% 3.88+1.55° 5.03+6.25° 0.869
MBCV 132.33+3.77° 130.67+4.84° 130.89+6.88° 0.773
MCHC 63.14+2.73° 63.54+4.19° 65.62+5.38° 0.426
MCHT 49.20+0.00° 48.64+2.88° 50.04+2.11° 0.366
CLDR 11.82+0.62° 12.21+0.68 11.84+0.60°% 0.365
PL 173.44+35.79° 161.56+29.68°  153.89+33.13%  0.459
VPM 6.60+0.30° 6.55+0.25° 6.76+0.29° 0.264
CLDP 35.97+1.04° 35.75+1.37° 36.04+0.90° 0.850

Values with the sameletter on the same line are not significantlydifferent at the 5% level. WBCs : White
bloodcells; RBCs: Red Blood Cells;MBCV: Mean Blood Cell \olume (MCV);
MCHC :MeanCorpuscularHemoglobin Concentration ; MCHT : MeanCorpuscularHemoglobin Concentration ;
CLDR:;PL;VPM:;CLDP: .

4. DISCUSSION



4.1. Growthparameters

Food consumptionwas not affected by the partial or total substitution of sprouted off-
seasonsorghum for maize. This couldbeexplained at least in part by the factthat the different
rations wereisoenergetic and isoproteinic. Energy intakewas not statisticallymodified by the
differenttreatments. The  resultsobtained are similar to thoseobserved by [22],
whoshowedthatsubstitutingwholesorghum for coarselygroundmaize in broilerfooddid not
affect foodintake. However, theseresultsdifferfromthose of [13],
whoreportedthatsubstitutingsorghum for maize in the broiler ration
wouldreducefeedconsumption.This controversycouldbeattributed to the effect of malting.
Sorghumcontains tannins, which are anti-nutritionalfactorsthat can reducefeedpalatability and
feedefficiency[23]. Consequently, maltingsorghumwouldreduce anti-nutritionalfactors and
thusimproveitspalatability for broilers. Indeed, germination enables the enzymes present to
predigest the variousproteins, fats and carbohydrates in the seed[24]. [25]have
demonstratedthat germination improves the digestibility of cerealproteins by breaking down
some of the gluten theycontain.Averagedailyweight gain (ADG) wassignificantlyreduced
(p<0.05) with the 50% corn 50% sprouted off-seasonsorghum ration, comparedwith the corn-
only control ration in the start-up phase ; however, in the finishinggrowth phase,
averagedailyweight gain (ADG) was not significantlyaffectedwith the 50% and 100%
sprouted off-seasonsorghum rations, comparedwith the corn-only control ration. This
resultcorroboratesthose of [26]and [27], in whomdailyweight gains werehigher (p<0.001) for
corn-fedchickensthan for sorghum-fedchickens.

4.2. Carcasscharacteristics

Carcassyield and the relative weight of mostorgansbetweentreatmentswere not
significantlyaffected at the 5 % level by the differentexperimental rations. The lack of
significance for relative organweightsindicates good foodquality, as inadequatefeedusually
leads to significantpathological changes in mostorgans[28].

A lack of significance in relative organweightindicates good digestive enzyme activity[29].
On the other hand, the relative weights of the pancreas and
proventriculusweresignificantlyincreased (p<0.05) for the ration containing 100% sprouted
off-seasonsorghum, comparedwith the control RO ration (100% maize) at start-up. The
increase in the relative weight of thesetwoorgansisthought to be due to an increase in
enzymaticactivity:  the  pancreassecretespancreaticjuice,  whichplays a role in
solubilizingnutrientsalong the small intestine, and the proventriculussecretespepsin,
whichisinvolved in proteinhydrolysis[29].

4.3. Hematological and biochemicalparameters

With regard to biochemicalparameters, the studyshowedthatserumlevels of aminotransferase,
aspartate aminotransferase, albumin, glucose, a-amylase, total protein and globulin n as well
as serumlevels of aminotransferase, aspartate aminotransferase, albumin, glucose, total
protein and globulin were not significantlyinfluenced by experimental rations. In fact, a
decrease or increase in biochemicalparametersindicatesfasting, poor nutrition or
inadequatefeeding.Theseresults show that the different rations had no negative impact on the



health of the subjects, as shown by [30]. on biochemical and haematologicalparameters in
sorghum-fedostriches. Results for haematologicalparameters show
thatmeancorpuscularhaemoglobin concentration, haematocrit and haemoglobin content were
not significantlyinfluenced by the experimental rations used. However, the number of
redbloodcells in chickensfed ration R1 (50% sorghumsprout) wassignificantlyreduced
(p<0.05), whiletheirmeanblood volume and meancorpuscularhemoglobin concentration
weresignificantlyincreased (p<0.01). Theseresultsmaybe due to the corn/sorghumsprout
combination in the R1 ration (50% sorghumsprout), whichisthought to have an impact on
hematopoiesis.Theseresults are in line withthose of [31], whodemonstratedthat the
administration of a reconstitutedsorghum-baseddiet to broilersexerted no appreciable
influence on nutrientutilization, bloodbiochemicals, enzymes and normal hematological
values in hens. [32]showedthatdiet has an impact on haematologicalparameter values in
broilers.



5. CONCLUSION

The aim of thisstudywas to evaluate the effects of replacingmaizewithsprouted off-
seasonsorghum on the zootechnical, haematological and biochemical performance of broilers
in the start-up and finishinggrowthphases. Broilersfed the 100% sprouted off-seasonsorghum
ration showed comparable characteristics to thosefed the control ration. However, the
averagedaily gain of broilersfed a ration containing 50% corn and 50% sprouted off-
seasonsorghum in the start-up phase wassignificantlylower (p<0.05) thanthat of broilersfed
the control ration. Sprouted off-seasonsorghum can beincorporated as a total replacement for
maize in broilerdietswithoutanydeterioration in zootechnical, haematological or biochemical
performance.
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